Objective : We report on our experience using a compliant balloon for treatment of thrombi resistant to simple mechanical thrombolysis.
INTRODUCTION
The effectiveness of intraarterial thrombolysis (IAT) with recombinant pro-urokinase for treatment of acute ischemic stroke (AIS) has been demonstrated in a randomized controlled study; however, the disadvantages of this treatment include increased risk of postprocedure hemorrhage, failure to restore blood flow in approximately one third of subjects, and excessive time requirements. 4) In addition, neurovascular toxic effects of thrombolytic agents, including blood brain barrier disruption, have been suggested. 7) Many investigators studying the safety and usefulness of mechanical thrombolysis have asserted that it is associated with successful recanalization and better clinical outcomes for subjects with AIS.
2)6)8-12)14)15)18) [20] [21] [22] [23] Mechanical techniques include microcatheter and microguidewire aided clot disruption, balloon angioplasty, suction thrombectomy, clot retrieval, and stent placement. Among them, mechanical disruption using balloons is one of useful methods for improvement of the recanalization rate; however, balloon angioplasty is associated with a potential risk of vessel rupture and injury to perforators. 6) To prevent this complication, we used low-pressure, compliant balloons.
The aim of this study is to evaluate the effectiveness of a mechanical technique using a compliant balloon in AIS patients in whom simple mechanical thrombolysis had failed.
MATERIALS AND METHODS

Subject selection
Forty six subjects who had undergone IAT at our (TIMI) grade, with a TIMI grade 2 or 3, which is considered to represent successful recanalization, was used for assessment of angiographic recanalization. 19) The 0.347 BG = balloon group; SG = simple mechanical thrombolysis group; NIHSS = National Institutes of Health Stroke Scale; IV tPA = intravenous tissue Plasminogen Activator; ICA = internal carotid artery; MCA = middle cerebral artery; VB = vertebrobasilar; TIMI = thrombolysis in myocardial infarction; TICI = thrombolysis in cerebral infarction; mRS = modified Rankin Scale Table 1 . Clinical and radiographic data for the balloon group and the simple mechanical thrombolysis group complete distal filling of < 50% of the expected territory; grade 2b, partial perfusion with incomplete distal filling of 50-90% of expected territory) was used for post-IAT TIMI grade 2. 5) DynaCT scanning was performed immediately in the angiography suite for assessment of intraparenchymal hemorrhage (IPH).
We used a modified Rankin Scale (mRS) score (favorable outcome, score 0-2) at three months as a measure of clinical outcome.
Statistical analysis
The Mann-Whitney U test was used for analysis of continuous variables, and chi-square statistics were used for analysis of categorical variables. We considered a value of p = 0.05 as a level of statistical significance.
RESULTS
The mean age of subjects in the BG was 67 years (range 36-85 years), and 12 subjects were male. The mean NIHSS score on admission was 15.1 ± 4.05.
Eighteen subjects (90%) had anterior circulation stroke.
Eleven subjects underwent IV tPA thrombolysis. The ning of endovascular therapy was 177 ± 51 minutes.
The demographic and baseline clinical characteristics of the study sample are shown in Table 1 .
Successful recanalization was achieved in 17 subjects (85%) in the BG, and in 19 subjects (73%) in the SG.
In the TIMI grade 2 group, a modified TICI 2b was 90% in the BG and 16% in the SG (p = 0.001). IPH (any type) occurred in two subjects in the BG and 10 subjects in the SG (p = 0.043). A favorable outcome (mRS scores 0-2) was noted in 10 subjects (50%) in the BG and 11 subjects (42%) in the SG.
Case illustration
A 57-year-old male patient presented with a sudden onset of right hemiplegia and motor aphasia (NIHSS score 17). No apparent low density lesion was observed on the initial CT scan (Fig. 1-A ). An angiography performed 223 minutes after the onset of symptoms revealed an occlusion of the proximal portion of the left middle cerebral artery (MCA) (Fig. 1-B) . After identification of the exact location of the thrombus, we performed simple mechanical thrombolysis using a microcatheter and microguidewire, however, we did not achieve successful recanalization. Therefore, a thrombus disruption was performed using a compliant balloon, and angiography demonstrated complete recanalization (Fig. 1-C) . A follow-up MR angiography obtained seven days later showed successful recanalization of the left MCA ( Fig. 1-D) . The patient showed good recovery with a three-month mRS score of 2.
DISCUSSION
Findings of the present study provide evidence that thrombus disruption using a compliant balloon is a useful therapeutic method for subjects in whom simple mechanical thrombolysis has failed. 1) In the current study, we analyzed differences in outcomes and Symptomatic IPH is the most disastrous complication of IAT. In this study, the IPH (any type) rate of 10% (n = 2) is similar to a previously reported rate in a balloon series and there was no occurrence of symptomatic IPH. 11-13) Nakano et al. 12) performed angioplasty using coronary balloons. The incidence of symptomatic IPH in their BG was 2.9%. In a retrospective, multicenter trial with 59 AIS patients, Tokunaga et al. 20) shown that seven subjects (12%) experienced hemorrhagic events after procedures and that severe IPH with neurologic deterioration was observed in only two subjects (4%).
Although the effectiveness of pharmacological thrombolysis has been reported, 40% of intracranial occlusions were resistant to thrombolytics. Ikushima et al. 6) stressed that the use of deflated balloons can lower the risk of BA. We used a simple to-and-fro technique with deflated balloons after BA and did not experience vessel rupture or dissection.
Although distal embolism of fragmented thrombi is another potential risk of BA, intra-arterial administration of a small amount of urokinase (20,000~ 50,000 U) is expected to resolve this problem.
This study has some limitations. First, this study is inherently limited by small sample sizes. Second, this study is not a randomized trial and therefore has the limitation of methodology. Initially, we attempted to recanalize the occluded vessel by use of simple mechanical techniques. When simple mechanical thrombolysis had failed, we used a compliant balloon.
Therefore, direct comparison between the SG and the BG may lower the statistical power of this study.
Third, the current study is intended to demonstrate the effectiveness of balloons in recanalization of occluded arteries. Therefore, we did not correlate angiographic recanalization with follow-up image outcome.
Nonetheless, when compared with the SG, the BG tended to show a longer time to IAT, but a better recanalization rate and a lower incidence of symptomatic hemorrhage. Therefore, mechanical thrombolysis using a balloon is a useful treatment for obtaining faster recanalization in patients who received delayed IAT.
CONCLUSION
The use of compliant balloons showed high potential for recanalization of occluded vessels in AIS, especially in subjects in whom simple mechanical thrombolysis had failed. Further investigations will be needed in order to elucidate the effectiveness of BA in prospective and randomized trials.
